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. Intreduction

A. The following report covers work dene during the period of 1 January 1965 through
30 Aprii 1966. The previous Annual Report was submitted on 28 March 1965, so that
this report is prepared 12 months after the last annual report submitted.

The report covers four areas of work during the period covered.

I,

2.

3.

4.

Sulfamylor skin penetration
Evaporational woter loss studies
Bacteriolegic studies

Clinicol triai of Sulfamylon spray

B. Final Report at termination of contract 31 Moy 1986 is also attoched.

It. Current Progress

1.

(%]
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A. Sulfamylon Penetration Studies

Rationale:

“When Lindsey first suggested the use of mafenide in studies of topical therapy

of experimental open wounds, Mendeison was of the opinion thot it might be par-
ticularly voluable because past studies by others implied that mofenide is poorly
absorbed. |t wos her impression that it might remain active at the site longer, and
not be as conducive to systemic toxicity s a more readily obsorbed topical anti-

becterial cgent. However, as analytical techniques have improved in recent years,
it seemed worth while to re-evaluate the extent to which topically opplied mafenide

is absorbed systemically."

Procedure:

c.

(4]

Gavze pads (areo: 103 cm2) or abswibent becker pads (area: 95 cml) are sat-
urated with Sulfomylon solution.

The quontity and per cent concentration of Sulfemylon in saiine {not water) .
present on the pads is recorded.

The puds are pluced on the skin of dogs which has been cleaned and shaved.
The pads remain in ploce throughout the experiment.

if the dressings are to be occluded, ¢ piece of Sa:an Wiap (0.0005 inch thick)
or Mylar 25 {0.0005 inch thick) is tapea tightly to the skin.




L8

e. Blood or urine samples are collected from the dog ot iegulor intervals.

f.  Control blood or urine blanks are taker befere any pads have been pleceu on ' |
the dog.

’ g. When urire samples are cellected, ar . V. diip of DSW (10 <,/ kg/hi) is used
to assure good urine volume.

k. Sulfamylon was measured in blood or in urine by the method of McChesney, i
et ol (see Annual Report 21 December 1963 — 1 Janvary 1965, page 8). i
|
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c. Series |l
Sulfamylon Skin Penetiotion
7 Unburred Dogs
Dog ! - Wtj A.eo Covered | Quantity Sulfamylon Time |_____Dressing Cover
8, Droseing 1 Orn Diessing S-m;j Mylar | Open
! mg/100 cc Urine
1 he 24.5 30.1 0.0
! 190 cm? 2 1.6 | 509 | 0.0
14 kg. (2 abscrbent 9.5 grams 3 47.7 38.5 3.8
beaker pads) 4 53.4 49.0 4.5
5 46.0 45.3 4.3
6 33.2 42.6 2.8
1.5 his. 18.0 22.0 0.0
2 206 cm? 2 26.6 | 25.5 | 0.0
13.5 kg. | (2 gouze pods) 2.8 grams 3 24.9 23.0 1.2
14 kg. 4 27.7 | 267 | 2.0
5 43.2 29.2 2.2
6 22.5 28.0 1.0
0.5 hr. 53.8 20.0 00
3 206 cm? 1 hr. 99.5 | 97.5 | 0.2
9.5kg (2 gauze pods) Z.8 groms 2 109.0 | (o9 4 2.3
3 8.0 | ( 3.5
4 84.0 87.0 4.9
5 92.0 81.0 5.0
6 i02.0 86.8 3.7
2 1 k. 15.2 13.0 0.0
4 206 cm 2 29.1 27.2 0.0
14.2 kg. | (2 gauze pads) 2.8 grams 3 22.0 26.1 1.0
4 24.7 23.0 1.5
5 32.6 24.7 2.4
6 20.3 25.9 0.9
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Discussion.

o.

Series |

The first sin experiments in Setics . were uttemp's to recover Sulfamylon
in blood. The daia shows that both the oddition of DMSO (100% ond inc.ease
in the surfoce oreo exposed to Sulfamylon faiied to produce meosuruble blood
levels. Experiment #5 shows o similar result in the buined dog.

Failure to demunstiate Sulfamylon breakdown products in the blood prompi-
ed us *~ look more closely ot uiine samples. Experiments #7 and R h~rically
similor to the others, reveal that ot least measurable omourts of Sulfamylon
breakdown products con be demenstioted in the urine when the Suffamylon
cpplied is added to DMSO.

The smcl! amount of Suifarnylon bieakdown progucts recovered in the urine
prompted e :periment #9 in which 20% solution in 1007 DMSC applied to an
crea si: times os lorge as e periment #8 to deteimine if the small cecovery was
due to the amount applied. The results are indicated in the tabie.

Experiment £10, -.milor to #9 bu: without DMSO, denorstrates u far
lerger recovery in both blood ond urine ond suggests that 100% DMSQO moy
interfere with Sulfamyion abso:ption.

Experiments #11, #12, and #13 weie done in buined dogs.  Animals were
burned as previously reported (see Annuo! Progress Report, 31 December 1962 -
1 Junvory 1964). In experiment 712, Suifamylon sclution was cortinucusly
added to the beaker pads to obviote the problem of loss by evopaoiation. Despite
ircreasing the amount of Sulfamylcn applied in experiment 712 to thiee times
that of experiment F11, veiy low urine recovery rates were obtained. These

. e . . . . - . - y BN
f‘.‘SL‘E.’S should be cortrasred 1o 1he unpurnea aog 1n expormment 7 1Y,

Experiment ¥ 13 reveals that unlike the control (experiment #9) addition of
90% DMSC to Sulfamylon ir the burred dog permits a fair 1ecovery ir. the
urine.

Series |l

All five experimerts in this series demonstrate failure of recovery of Sulfa-
mylon breakdown products under the conditions stated in whole blood. Qur
experience with blood somples up to und including this series prompted us to use
urine samples only for the remoining experiments.

The oddition cf Scrar. Wrap covering the Sulfamylon is an attempt to stop
evaporation of water from the dressing, although in burned dogs (experiments
§11 and #12, Series 1) continued application did not permit high urine recovery.

W 1 —a o ¢
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Series il

Results of the four experiments in Seiies |1l cemonstiote thar covering of
the Suifamylon diessing either with o impervious piostic membiane or with
Mylar 25 increases the amount of ‘ulfam; lon bred' 'own products which can
be recovered ir the urine.

Sultamylen dressings with various plastic coverings are be:ng 1'udied in burn-
ed dogs for comperison with Serie. I:1 of the time of this report.

Pending sesults from d. above, crinical trial of Sulfamylon spray and dress-
ings covered with plostic films might well be valuable

B. Sulfarylon ond Nofcillin Diffusion Cromber Studies

t 1. Procedure:

a. Two cup ditfusion chambers were rade of Teflon and so designed that one cup
was sepuroted from the otaer by the membrane to be tested. The chambers
each have a small opening into which a Luer luc fitting is fixea. Solutions
tc be tested are beside ecch other separcted by . ve membiane to be tested.
The area of ti.e membrose exposed was 4.9 cm? in four of the cells ard 4.2
cm? in one of them {slight dif.,eience ir constructicn). Some runs were mode
with the cells closed to the atmosphe-e. Loter runs were made with the cells
open (through the Leir fock) to the atmospheie as most diffusion cells used by
othess are.

b. Vorious combiratics of solutions weie tested in the cell under conditions of

i beil closed ond oper to the a*mosphere.
’ . Temporstuit wos condictled &y e i of the diffusiun celly in u waier buin
ot 37.5° C.

d. Vaiious corcentrations of UMSO were evaluated.

e. Rot or dog skin was used as the diffusion membrone. The skin was removed
full thickness from the anesthetized living onimel. Subcutaneous fat was
excised under direct vision by o scalpel. All skin was used immediately
ofter removal from the animal.

f. Concentrotions diffused were measured ot 6 given time in hours following the
start of the test.

2. Results:

a. Nofci 1in diifusion rates utilizing 0. 1% concentration of Sodium Nafcillin
throa n full thickness dog skin into distilled water with the cell closed to the
atm« phere.

[ e e j e e B s e e A e
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Aqueous Nafcitlin 0. 1%

Ti:-.e (Hours)

Diftusi.  Rate
. i
{wgrs, ¢ .£/h)

Test
MNoumbet

18
18.75
45.5
72

ON ON W
N> O s —

12

10

b. Naicillinaiffusion rates utilizing 0 1%

NMarciliir in 90 DMSO through

fu'l thickness dog skir into distilled watcr with the cell closed to the

atmosphere

Y0% DMSQO — Ncfciliin

Time (Hours)

Diffusio: Rate
. o]
tugms em<-hi)

Test
Nuomber

1

4
18
19
€3.6

0

1.2
0.8
3.2
0.8

VAR - BN

(o]

[ - < ' 1tre . s he ~ Yoo . .- r o~ v,
AGueous Ju:fumy.on diffusion rates vitiizing V. v concentranen or svic-

mylon in water through ful: thickness dog skin intc distilled v oter with the
cell open to the atmosphere.

Aqueous Sulfomylen 0.1%

Time (Hours)

Diffusior Rote
) . 2]
wgms/sem< /hi)

Test
Number

G

N AN W
NN

22
3
24

25

BT B TR R R
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d. Aqueous Sulfamylon diffusion rates through full thickress dog skin utilizing

-10 -

1% concentration with the cell open to the atmosphere.

Aqueous Sulfaniylon 1%

. \ Diffusion ARofe Test
Time (Hours) (ugms/ecm< /hr) Number
23 1.5 26
23 16.8 28
23 18.0 29

e. Agueous Suifamylon diffusion rate utiiizing 0.1% concentration in 90%
DMSO through full thickness skin into distitled water with the cell oper to
the atmosphere. Unburned and third degree burned rat skin.

Aqueous Sulfamylon in 90% DMSO

" ime (H C - - Diffusion Rate Test
ime (Hours) (ugms/cm< /hr) Number
Unburred Burned
20 2.2 3.6 20 & 21
Discussion:

a. Results in a.and b.above indicate, in essence, that the rate of diffusion,

whether Nafcillin is in DMSGO solution or not, is quite slow.

b. Resultsin c. and d. above indicate that increasing the concentration of
aqueous Sulfamylon from 0.1% fo 1.0% is commensurate with an increase in

diffusion rate. Also, ot comparable times, diffusion rates are roughly com-
parable with the exception of the first 19 hour run and the fast 23 hour run.

c. The resuits in e. above cannot really be interpreted other than t> note that
under the conditions of the two runs the rate is slow with both burned ond

unburned skin {see c. above — diffusion rates 3t 19 hours).

d. Further studies aiong these lines were not carried out for three reasons. First,
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the data is not so meaningful as in vivo studies, Second, the whole DMSO
concept was modified by removal of this drug from the market for human use
by the FDA. If toxic side effects occur, certainly large burn surfaces would
provide inordinate exposure. Third, many variables inherent in diffusion
chamber work are difficult to controi.

(.. Evaporaiional Water Loss Studies

1. Iniroduction:

T

Considerable data on evaporational water loss has been submitted in previous
reports. See Annual Report 31 December 1962 —~ 1 January 1944, Annual Repert
31 December 1963 — 1 January 1965, Letter Repoit, April 1965, etc. Various
ciay mineral dressings have been studied in an attempt to demonstrate their useful-
; ness in reducing the rate of evaporational water loss from the surfoce of the burn
Py wound. From the outset of this work, the clay dressings hove been constructed as
described in detail in the Annual Progress Report of 31 December 1962 — 1 January
1964,

The covering plastic film (Mylar 25) was selected for its porosity to serve os o
membrar.e to reduce the rate of evaporative weter loss from the suiface of the wet
clay.

BROPY 1h TSRS (AP o 1

e~ 2. Comparison Menlo Park cloy with Petroria elay: ~——- -~ - - — 7" 7 7
a. Procedure

Water in cylinders of known diameter (4.9 cm2) were covered with clay

y dressings as described. The water does not touch the cloy. Control cylinders
-y were measured concurrent ly
b. Results

Control: Open beakers = 74,1 ugms,/min/crn2

Menlo Park Clay

Rate of Loss

Somple ¥
ugms,/mi n/cm2

o>
=]

ONOONMEWN —
N O QO 0 000
WO EPND

Average 8.4
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i
1

Petroria Cley

Rate of Loss

#
Somple ugms/min/cm

0 WA -
ONvow
O R — O~

Average 8.8

B
; .
1} ' c. Discussion
The remarkably similar results, despite the markedly different compo-
sitions of the cloy (Menlo Park — Attapulgite, Pretoria Kaolinite) suggest,
possibly, that clay compasition is not a significant factor in evaporotive
water loss reduction.
L e . Anothe- possibility is that Mylar alone is responsible for the similarity o
of results. Cxperiments to test this were done.
3. Mylor film studies:
a. Procedure
[ : (~ Cylindres of water of known diameter (4.9 cmz) were covered with dress-

ings os foliows. The dressings are not in contact with the woter.

Wet clay (Menlo Park) with Mylar cover
Wet clay (Menlo Park) witheut Mylar
Mylar film alone

Complete dressing without clay

Control cylinders were run concurrently with the dressings tested.

b. Results

Control 74.1 ugms/min/cm2

P

%
§
i
i
g
}
'I




Wet Clay with Mylor Film

Rate of Loss

¥
Sample ugme/min/cm

o
o

~a

0O NG WA —
N 0 0 W 0
DOINOANO

Average 8.4

Wet Clay without Mylar

e e g

T T T o # Rate of Loss
T Sample ugms/min/cm

201
21.4
20.7
20.1

W —

{ Average 20.6 |

Mylar Film Alone*

Rate of Loss

e #
Sample ugms/min/cm

O DN
[ANAN NN ANA
N oo,k oo

) Average 3.8

| *Film placed on the cylinder and ther he'd in place by rubber band. |
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1 Complete Dressirg without Clay**
: Rate of Loss
: £
b Sample ugms/min/cm2
: ! 18.7
2 24.9
3 27.2
4 29.0
5 23.8
Average 24.7
{ **See Annual Progress Report 31 December 1962 — 1 January 1964, Appendix
F-1
c. Discussion
) i — Fromthe above results, it is clear that the covering which reduces the -
tuie of evupuruiionai water joss the best is Mylar 25 alone. The figures for
the complete clay dressing and for the complete dressing without the clay
are compa:abie.
it should be noted thot these experimemic are subiact to tome veriation
due to chonges in room temperature and humidity during the runs. Controls,
however, were subject to the same varying conditions.
’ 0 This work would seem to make the "clay concept” less desirable as a

method for reducing the rate of evaporational water loss than anticipated.
Furiher dara on the efticacy of Mylar 25 alor 2 or in modified forms hat
been demonstrated by Dr. Jelenko,

The "cley concept" may still have some real velue in the control of
surface infectien in burns.

D. Bacteriologic Studies

2. Resul

Preliminary bacteriologic studies were done by Mr. F. B. Brinkley ot Edgewoocd

Arsenal .
E 1. Tests on autociaved somples as indicated in the rable. in vitic tests ore elso
i presented.

ts

et e
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Test Attagel X1585 Wyoming

1. Pure culture of B. Subtilis® No growth ot No growth at No growth at
diffused through 0.3 cm of 24 or 48 hrs. 24 or 48 hrs. 24 or 48 hrs.
sterile sample on agar plate

2. Pure culture of 5. Subtilis No growth at No growth at No growth at
mixed with sterile sample 24 or 48 hrs. 24 or 48 hrs. 24 or 48 hrs.
and placed on ogor plate

*The pure culture of B. Subtilis was taken from an agar plate on which it grows wel!.

F4
L 1
In Vitro Results of Clay Sampies
Wyomin, .
- Test Komp's Cl yoming ttagei*
; | es emp's Clay Bentonite Attage X1585
( T -—E’u; culfure oF Sta h. No growth at No growth ot Growth plus No growth at
! aureus (209) diffused 24 or 48 hrs. 24 or 48 hrs fermentation 24 or 48 hrs.
b through 0.3 em of of mannitol
sterile somples on within 24 hrs.
mannito! salt agar
Pure culture of E. coli No growth at No growth at No growth at No growth at
) diffused 24 or 48 hrs. 24 or 48 hrs. 24 o: 48 hrs. 24 or 48 hrs.
\ ( fhrougz .3 em of
steriie samples on
MacConkey's ager
» Pure culture of B. No growth ot No growth at No growth ot No growth at
strept. ( ) 24 or 48 hrs. 24 or 48 hrs. 24 or 48 hrs. 24 or 48 hre.
i diffused rough 0.3
. cm of sterile samples
on blood cgar

W

AR ey

E. c,llll

1. Procedure:

%
i

| Study of Sulfamyion Spray

*The Attagel appeared to absorb the broth cultures very well but the other somples would not.

a. Consecutive patients with thermal burns admitted to the John Gaston Hospital

[y

e

e e bt .



|

|

|

|
b
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were selected for study .
b. Treatment with 10% solution of sterile Sulfumylon HCI in distilled water was
oppiied twice o day by sproying and wos instituted os soon as possible ofter i
cdmission. Approximotely 30 cc of solurion/M2 wos used ot each treatment. i [
c. Surface cultures were token at intervals during therapy and blood studies were
done as indicated.
1
d. Close clinical observation was carried out in all patients.
i
! 2. The Series:
Thirty-one patients were studied. Twenty-two were children, the youngest
i ( being one year old. The remainder of the series were adults with the vldest being {
! . 112 years. Eleven were males and 20 were females. The mojority of patients
were Negro.
3. Etiology:
. Twenty-four hurns were produced by flome (77.7%) and seven by hot liquids
(22.3%).
4. Burns 0-10% N
Toto!
i Name 0-10% Age Hospital Days Days to Graft No.
C Sherman 8 9 69 26 1
.o~ Vernadine 10 3 28 18 2
. Morion 5 7 34 iv 3
| Avery 5 9 39 19 4 !
Roderick 10 3 13 None 5 i
g

—
M AR o Nif- 5o
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5, Burns 11-20%
o Total
Nome 11-20% | Age Hospital Days Days to Graft No.
Kay 20 3 16 18 1
Robert H. 15 55 67 33 2
¢ Pearline 15 8 58 32 3
Janice 15 1 16 None 4
' Gwendolyn 20 5 66 22 5
Demetria 15 R] 42 25 é
: Darlene 20 é 39 25 7
Mary E 20 6 38 29 8
will 15 74 55 36 9
: Sorah 20 112 210~ 10
: Willie Mae 12 39 28 20 n
’ Willie L. 15 46 37 23 12
é. Burns 21-30%
B
-' N 21-30% | A Total Das to Graft | N
ome i- ge Hospital Days a:'s to Groft o.
| Willie W. 30 8 30 None 1
t A.B. 25 62 71 35 2
s John 25 112 70 35 -3
i Annie 30 é Still in 24 4
o Joyce 25 7 s 44 5
f 14
i -
‘ 7. Burns 31-40%
L Total
[ ota
i Name 31-40% | Age Hospital Days Days to Graft No.
Darius 35 2 86 33 1
Pansy 40 6 58D 39 2
Veither 40 40 350 29 3
1 Nellie 35 45 28D 4
; Abe 40 4 25D 5
| *Deaih




None

y

Burns 41-50%

Burns 51-60%

- 18 -

Total
Nome S1-60% Age Hospital Days Days to Graft No.
Vicki 60 7 11D 1
Delsie 60 74 46D 2
Paul 60 2 19D 2
C
10.  Burns 61-70%
None
11, Burns 71-80%
None
12. Burns 81-90%
Total
1- . f No.
_ A Name 81-90% Age Hospital Days Days to Groft o
N |
. ~__
i Otis 90 4 4D 1
3
13. The Deaths:
a. 20% - 40%
E
Nome Age % Burn Day of Death Cause of Death
Sorah 112 20 ra} Accidental
Nellie 45 3s 28 Sepsis
Pansy 6 40 58 Sepsis
3 Veither 60 40 36 Myocardial infarct
Abe 4 40 <5 Sepsis
——
oy T g it g Lm S = T
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Discussion

There are 15 burns in the 20% - 40% groun. There nere ten survivors
ard five deoths, o mortality of 33.0%. This figure connot be compared to
the 30% mortality reported for burns of comparable size by Monc:ief, et al
(Arch. Surg., 92:558, 1966) unless deaths in our group not re'cted to seps’s
or not adequately treated with Sulfamylon are excluded.

When there cases are excluded there remain ten patients with burns of
20% ~ 40% with one death.* The series is still too small to compare with
the results from the S.R.U. ot Fort Sain Houston.

The foilowing are the case reports of patients whose deaths may be
considered as not related to sepsis or why had inad "quate Sulfomylon therapy.

SARAH: A 112 year old temaie suffered 20% ¢ ...d and third degiee flame
burns. She was started on Suifemylon spray b.i.d. on the day of burn und
treated for five doys with |.V. fluids. She did ‘well during the 21 doy: she
wos in the hospital. Surface cultures of her burn wound at intervals revealed
a number of organisms (Staphylococcus aureus, Proteus mirabilis and rettgeri,
€. coli, etc.), but no Pseudomnnas was ever cultured. Her daily temperature
(mean) for the week prior to death wos 986, Two days before death she
developed a slight rosh on her back, but therapy was not stopped. Her serum
chiorides never exceeded 109 mEq/L. Her eschor on daily tub baths was
seporating w11 and at no time was any gross evidence of infection. The
eschar was dry at all times. Despite her advanced cge, we fully expected
this patient to recover from her burn when on the 21st day ofter burn she wos
left unattended in the bath tub and opparently drowned. Autopsy — cause

of death, drowning. No sepsis.

iNELLIE: A 43 yeor oid femaie mongoioid who suffered 35% rhird degree
flome burns. She was started on Sulfamylon spray (b.i.d.) the day of her
bum. She was treated with |.V. fluids for four days. For the first 12 days
ofter burning, she did well with o clean, hard, diy eschar grossiy uninfected.
Surfece cultures at intervals up to this time had revealed organisms (Staphy-
lococcus aureus, Proteus vulgaris, E. coli, and also the yeast Candida
albicans), but no Pseudomonas. On the 12th day after burning, she develcped
a severe rash over her entire body which was accompanied by an increose in
fever to 101° and some disorieniation. 1.V. fluids were reinstituted and her
medicoticn stopped. (Sulfomylon was the only drug beirg used.) Within two
days her surface cultures became positive for Pseudomonas and three days
after cessation of Sulfamylon spray, gross infection was evident. The rosh
wuos improved of thot time ond Suifomylon wes resumed. The rash by the next
doy was worse than originally, almost resembling an exfoiliative dermatitis.
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Cultures of the surface revealed a number of orgonisms, including Psevdo-
monas. We were forced by her severe skin reaction to stop Sulfomylon
ogain. She rapidly developed evidence of severe burn wound sepsis and
died on the 28th duy ofter burning despite systemic antitiotics, 1.V. fluids,
etc. It is not known whether this patient hod received prior sulfoncmide
drugs.

This case can be called "inadequate Sulfamylon therapy," as gross
infecrion was not gpparent until the Sulfemylon was discontinued. How-
ever, the inudequate treatment was becauvse of Sulfamylen wensitivity and,
therefore, this case probakly should be included in the total mortality
figures.

PANSY: A 6 yeor old givl admitted with 40% second and third degree body
bums sustoined when her clothing caught on fire. She was in prior good
health. Sulfamylon spray was started and continued for the first 27 days ofter
buming. During tiis period, the eschar remained grossly clean and vas debrid-
ed serially. The patient maintained a mean doily temperature of 103° F. - i
104° F. daily despite absence of gross infection. Her white blood cell count i
remained in the range of 16,000 per cu.mm. Surface cultures taken at inter-
vals showed a variety of organisms, including Pseudomonos, on all but the
first culture. She developed a severe upper respiratory infection during the
first week of admission. By the 2Bth day after burnirg, all of the eschar was
off and althought she continued to run her high fever, she showed no clinical
evidence of burn wound sepsis.

She was dressed at this time and Suifamylon dizcontinued. Skin grafting
was delayed on o number of occasions by her high fever thought (on clinical
grounds) to be due largely to pneumonia. A portion of her burn was cutogiaftea :
10 days after Sulfomylon was stopped. A surfoce culture 20 days after Sulfa- '
myion wos stopped showed Froteus retrgeri and Strep.ococcus fecaiis. She '
developed edematous rales, continued her high febrile course, and on the 58th
post burn day hud severe G.|. bieeding (Hct. 19 mm) with death on that day,

40 days ofter Sulfomylon was discontinued and the surface ready fer grafting.

VEITHER:  This 40 year old woman sustained a 40% second and third degree
body burn when her clothing ignited. She hac hod a cereb:o! vaseular acci-
dent some time prior to her burn. She lived 36 doys after har burn and received
b.i.d. Sulfomylon spray on each day from admission to death. Surfoce cultures
revealed o variety of orgonisms, including on otherwise unidentified clostridial
organism on the 10th post burn doy. Pseudomonas was cultured for the firs* time
on the 16th post burn day and remained present in surface cuitures thareafter.

The escheor remeined cleon ond dry during the stage of cabridemeant, but on the

ne SIegt

28th post burn day there was some gross infection in the few shreds o 2schar
remaining. Her mean daily temperature remained essentially below 100° F.
until the 29th post burn doy when she spiked to 1047 F. Gronulation tissue
aoppeared grossly clean ot that time, but surface cultures thet day revealed
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five organisms. On the 30th post buin duy she developed much difficuity
with lung secretions, ond on the 35th a tracheostorny wes done. An EKG
was interpreted as myocardial inforct shortly before the patient died on doy
b 36. Her gronulation tissue was not clinically grossly infected at that time.

ABZ: A 4 year old boy with flane burn of 40% third dagiee of his body .
This patient is cutegericolly excluded as he was treated with Sulfomylon
spray, but only Icte (14 days post buin) when he wos included in our patient
load. His burns were infected He died nine days 'ater witn blood cultures
positive for Streptococcus tecolis and Aerobocter.

It would be quite foir to remove al! of the above potients from the series
on the grounds that either their deoth was not due to sepsis, or thot Sulfa-
mylon was not ideally opplied.

t 14. The Living:

a. Ten patients witn burns of 20% - 40% of the body surface survived. One of
the benefits of Sulfomyfon spray therapy was demonstrated in this group. The
following cose is typical of others in the series.

WIiLLliE W. The B year old boy suffered deep (thought to be third degree)
partial thickness burns of 30% of the body surface when beiling woter waos
spitled cn his clothes. Sulfamylon spray and .V, fivids stai*ad on day of
burn. Surface cultures on the third post burn doy showed no growth. By the
10ti: post burn day, his white blood celi count had risen from 16.6 to 32.6.
however, his burn was grossly quite clean. Pseudomonas and Staphyloco: cus
oureus were cultured that day. Mean daily temperature ot approximatel:
101° ¢, over the first 10 days. This wound would have ordinarily conveited

i - to full thickness burn from infection, but this did not occu.. Epitheliol
islands were seen on ine 13th post burn day ond compiete sponraneous cover-
age was achieved on 30th post burn day.

15. Burns 41% - 90%

a. Four patients are in this group. One (Otis) of 0% surface burn is uniformely
unsalvogeable. The other three had burns of 6% of the body surface and oll
were flame bumns.

Name I Age % Burn Day of Death Caouse of Decth
Delsie 74 60 6 Renal shutdown
Vickie 7 60 1 Reral shutdown
‘ Sepsis
Poul ? 60 19 Sepsis ~ Melena
Otis - 90 4 No sepsis

LA (i
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b. Discussion

degres) thermal burns, and her wourds appeared grossly infected on the 8th
post burn day with curface cultures showing five organisms, including Pseudo-
monas. Mean deily temperatures were 102° F. - 103° F., and her chlorides
slowly rose (108 - 136 mEq/L). No urinary output from day 3.

» Both Vickie and Delsie had renal shutdown. Vickie had very deep (4th

It is impossible to tell what oart sepsis played in this patient, neverthe-~
less, gross evidence of infection was present.

Delsie did not show any gross evidence of infection an day 6 when she
expired. Surfoce cultures that day showed Aerobacter ond Strep fecalis.
She also was in renal shutdown, and her chiorides rose from 110 mEg/L to

( 140 mEq/L.
16. Hospita! Stay:
a. Duration of hospitalization for removal of the eschar is reported to be length-
; ened by the use of Sulfamylon. It is not unusual to see densely adherent,
“ grossly uninfected eschar still present 8 to 10 weeks after injury (Moncrief,
| et al, Arch. Surg., 92:558, 1966). The comparison figures on hospital stay
ot the John Goston Hospitel were token from a study of 242 burns of 20% or
more of the bady surface odmitted between 1955 ond 1960 o our hospital
and reportec by Jackson and Lee (Arch. Surg., §7:937, 1963). The com-
parison is below.
( Duration Hospitalization (Survivors)
N JGH 1955-1960 Spray
Weeks | o, of Pr. No. of Pr. | % of Pt.  No. of Pt ,
i
0-2 10 15 4.5 1 T -
-‘ 2-4 N 16 13.3 3
4-8 40 58 26.3 8
8-12 20 30 31.8 7
; 12-16 8 12 4.5 1
: 16~20 3 5 0
20-24 4 é 0
: 6 mos. + 2 3 e

b. Discussion

The series at this point is still oo small to make a valid comparison.
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Conclusions:

qa.

Twice daily Sulfomylon spray is distinctly advantageous in the initiai period
of burn therapy for second and third degree burns. 1t prevents significant
infection and prevents conversion of deep second to third. At this time our
series contains insufficient numbers of burns from 40 to 50% to show valiid
statistics supporting this point. Unfortunately, in our series, five patienis
with burns of about 40% died, however, it is not felt that this wae due in
any case to failure of Sulfamylon spray.

The eschar formed under this therapy is hard, dry, and dificult to remiove.

This could be odvantageous under less than oprimum conditions, as in
disaster situations, as the protective covering remains in place until it is
desired to remove it.

Application of the spray (10% Suifamy!on in distilled water) is painful for
most patients with second degree burns, but the pain does not last long
(opproximately ten minutes).

There was no hyperchloremia in ony patient except those with renal shet-
down.

Skin reactions, onc of which was very severe, occuried in ihree patients.
None occurred before the 12th day of therapy. o

Reports of cultures bear no obvious relationship to the clinical oppeorance
of the burn, except that dry eschars usuolly show Staphylococcus. Pseudo-
monas appeared in surface cultures ot some point or other in the progress of
nearly all patients. There were, however, no deoths from Psevdomonas
sepsis. We cannot compare our results with the results of others ot this time
as our series is too smali, particularly in burns of from 20% to 50%. No
distinct relationship between temperature elevation and cleaniiness of the
eschar was demonstrated.

Second degree burns (superficial dermal burns) epithealize more rapidly
with Sulfamylon spray than with any other method we have ever used.

Yeast infections of the eschar occurs under Sulfamylon therapy, but is of
probably no clinical significance.

B.i.d. Sulfomylon spray will be used as policy for the next 12 months on
all burn odn .ssions.

1 casmeaablt
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I1l. Final Summary Report

A.

Introduction

Work under contract DA-18-108~-CML-7113 was begun in June 1962 at the temi-
nation of a one year grant for development of an expedient t:eatment fo: vesicant burns.
During the period of effort, the original objectives of this research contract have g.adu~
ally chaonged in emphasis because of the results of study of experimental vesicant burne.
The original objective was seemingly of major imnartrnca ~- - Lich degiee of incopacity
from relctively snwiii areas ot vesicant burns, e.g., scrotum, axilla, or haiws, in combat
troops wouid seem empirically to be a problem. Because flame burns and their treatment

are also important to the military, efforts for the evaluation of various forms of therapy
for these injuries were carried out.

Vesicant Burns

Vasicant burns were made on the forearm of a number of volunteers. At various inter-
vols ofter burning, fluid was aspirated from the blisters and analyzed for total protein,
sodium, potassium, chloride, and calcium. Comparison wes made between serum levels
and blister fluid leveis. (Dato in Semi-annual Report, 1 February 1963.) The benign
nature of vesicant burns in volunteers in every instance determined a reopproisal of the
incapacity which might be produced under combat conditions. There was remarkable
absence of infection and prompt, uncomplicated healing in every instance. This raised
the further question thot any treatment which might be applied to these experimental
burns could not improve on the observed clinical course. It is most imporiant to avoid a
poorly coticeived generalization that a proposed treatment of experimental vesicant burns
would, o priori, be Leaeficial to similar burns sustained in combat. An exhaustive search
was made for description of actual combat ineffectives resulting from vesicant burns.
Review of medical literature (including classified material), as weli as c-.rrespondence
with medical officers on active duty in WW | was unproductive of any ve.ified experi=
ences with vesicant bums. No documented experience was discovered concerning in-
cenacity, clinical types, degree, or treatment of vesicant burns obtained in actual com-
bat. Report no. 42 CD (Aust.) 20 May 1944, Assessment of Casualties from Vesicant
Agents (classified) was the only comprehensive study of the effects of vesicant agents
under combat conditions discovered. A motion picture iilustrating this report (unclossi-~
¢ied) was careiuily appraised. [t was concluded that the problem of possibie combat
ineffectives foilowing vesicont exposure would seem relative!y unimportant. In any case,
the symptoms and heoling potte:n of small experimental blisters utilized in our experiments
covid in no way be compared fo combat vesicant burns. Reportz of simuiated H burns
indicate that incapacity, i.e., hospitalization, was required for skin burns, especial
genital, but in nearly every case the exposure (ct) necessary to produce skin lesions o
such magnitude was also sufficient to produce symptoms of systemic toxicity. The pro-
posed condition of intensive study of vesicont blister fluid was aitered because of this to
include work with thermol burns. Histologic study of excised vesicant burns was not done,
as o comprenensive study of seriolly excised H burns ot intervals up to 38 days hod already
bean done (see OSRD 3620 and OSKD 3620-A).

e a1 Sp—— 4 e i - "

A




NP S X I ) P RO AR gwumrl'nv:mr»vm!"%'ﬂ'

A T A I Ay

|

™

-25-

No cpparent difference in healing ¢ i1 burns in @ human volunteer waus seen
when DMSO was used to treat the burn and a control without treatment was compared.

Therm~| Burne

Two primary routes of investigation were pursued. The first, study of evaporative
water loss and its possible effect on the hypermetabolic syndrome of major burns, and,
second, various forms of topical therapy for thermal burns. An opparatus for the direct
meosurement of evaporational water loss was develcped. Maony experiments were
-carried out with the opparatus (data in Annual Report, 1 February 1964). Repreducibility,
however, was not satisfactory. Improvements of this apparatus by Dr. Cark Jelenko hos
established it os a very accurate method for the measurement of evaporational water iuss.

An apparatus using standord laboratory heat gun for producing thermal burns in vol-
unteers was describedy(sse Annual Progress Report, 1 February 1964). One further
apparatus was also Beveloped in an attempt to deposit antibiotics beneath the eschar of
third degree burns. This apporatus utilized nitrogen under high pressure to force anti-
biotic solutions through tiny holes in the nozzle into the sub-eschar loyers. A prototype
of such an apparatus was described (see Appendix E, Annual Progress Report, 1 February
1964). It is the impression of the Investigator that such an apparatus could be perfected,
however, the success of topically appliad Sulfamylon would moke the time cnd effort to
do so not very rewarding. Data obtained revea!l evaporational water loss through third
degree burn surfaces 10 be about 20 times control. Methods for reducing eveporational
water loss wera tested with primary emphasis on the use of Fuller's eorth. Clay dressings
reduce the rate of evaporational water loss and in vitro odsorb bacteria readily. To date,
Myiar 25, by irseif, has been the most efficient membrane for reduction of evaporative
water loss.

Sulfomylon Studies

Penetration of the skin, both burned and unburned with various concentrations of

-Sulfamylon, with and without DMSO, waos studied. Some work with diffusion chombers

was done, but reproducibility with the technique is not very good. Data on skin pene-
tration by Sulfemylon is tobulated in the Annual Report, 31 March 1962 - 31 May 1966.
A clinical study of 10% Sulfamylon spray was started and the results of the first group of

potients is encouraging, however, as yet, a large enough group of patients has not been
trected to draw definitc conclusions.
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